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TITLE 

DECORATIVE LAMINATED SAFETY GLASS UTIUZING A RIGID 

INTERLAYER 

5 BACKGROUND OF THE INVENTION 

Laminated safety glass consists of two lites of glass joined by an energy 
absorbing plastic interlayer, typically polyvinyl butyral. Laminated safety glass is 
used in automotive windshields and in architectural building glass. Architects are 
continually using glass in more demanding applications such as balustrades, 

10 partitions, floors, doors, and overhead bolted glass. Laminated safety glass 
using PVB as the interlayer does not meet the strength or post glass breakage 
requirements for these applications, lonomers of ethylene/methyacryllc acid 
copolymers (sold under the DuPont tradename Surlyn®) yield Interlayer materials 
that are rigid, much stiffer and tougher than traditional PVB Interiayers, 

15 Laminated safety glass utilizing these stiffer, tougher interiayers has been shown 
to possess the strength and post glass breakage requirements needed for these 
demanding architectural applicatfons. 

In addition, it has been found that interiayers of ionomeric 
ethylene/methyacrylic acid copolymers demonstrate much improved edge 

20 stability over traditional PVB interiayers. This improved edge stability allows for 
laminated glass (with interiayers of ionomeric ethylene/methyacryllc acid 
copolymers) to be used in applications such as shower doors and exterior open 
edge applications where traditional laminated glass (with PVB interiayers) would 
not be used. In many of these above-mentioned applications (balustrades, 

25 partitions, floors, doors, overhead bolted glass, and shower doors) it would be 
desirable to have a decorative image in the laminated safety glass. 

Processes for making laminated decorative glass have been disclosed In 
WO 217154A1, DE 29706880, US 4968553, US 5914178, EP 1129844A1. and 
DE 20100717. These decorative laminates use PVB, PVB/PET/PVB composites, 

30 or EVA (ethylene/vinyl acetate copolymers) as the interiayer. While the resulting 
decorative safety glass laminate may meet the architectural safety codes, these 
laminates are not appropriate for applications such as those outlined above. 

Further many of these references disclose a process for making 
decorative laminated glass via a silk screening process (DE 29706880, US 
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4968553. US 5914178. EP 1129844A1. and DE 20100717). Silk-screening an 
Image onto an interlayer is a very time-consuming and expensive process for 
maldng decorative laminated safety glass. Inkjet technology is very flexible; any 
digital image can t>e printed onto the substrate. Using ink jet technology to print 
5 on flexible interlayers (PVB and polyurethanes) for laminated safety glass has 
been disclosed In WO 0218154. A disadvantage of Inkjet printing direcUy on 
PVB is that all PVB interlayers have a roughened surface pattern {Rz from 30-60 
□m). which is present to allow for air to escape during the lamination process as 
described In US 5455103. The rough surface pattern can effect image quality 
1 0 with respect to motUe and resolution. 

Printing on an ionomer of ettiyiene/methj^cryite add copolymer has not 
been described In the literature, however one problem that is readily apparent is 
that the stiffness of an Ionomer of ettiylene/metiiyacrylic acid copolymer is not 
amenable to any or ail conventional printing processes. For example, ink jet 
15 printing as on a flexible interiayer material such as PVB is possible on a 

conventional printer because PVB is flexible enough to be run through the printer. 
However , ink jet printing on an ionomer of ettiylene/methyacrylic acid copolymer 
on a conventional Inkjet printer may be problematical because an ionomer of 
ethylene/mettiyacrylic acid copolymer is not flexible enough to be processed 
20 through conventional ink jet printers. Furttier. problems with printing on an 

ionomer of ettiylene/mettiyacrylic acid copolynrwr can present themselves due to 
impermeability of conventional inks on the an ionomer of etiiylene/mettiyacrylic 
add copolymer surface. 
SUMMARY OF THE INVENTION 
25 In one aspect, the present invention is a system for "ink jef printing on 

rigid ionomeric ethylene/mettiyacryUc add copolymers interiayers in such a way 
tiiat when laminated between 2 lites. the laminate maintains its strength and post 
glass breakage requirements. 

In another aspect, tiie present invention is a decorative glass laminate 
30 comprising at least two sheets of glass having disposed therebetween an 
Interiayer comprising an ionomer of etiiylene/metiiyacrylic acid copolymer, 
wherein the ionomer interiayer comprises a printed image on at least one of the 
interiayer surfaces, and wherein at least one of ttie printed surfaces is adhered to 
one of the glass surfaces. 
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In still another aspect, the present invention is a decorative glass laminate 
comprising at least two sheets of glass having disposed therebetween an 
interlayer comprising an ionomer of ethyiene/methyacrylic acid copolymer, 
wherein the ionomer interlayer comprises a printed image on at least one of the 
5 interiayer surfeces, and wherein at least one of the printed surfaces is adhered to 
one of the glass surfaces, and wherein the image has been printed on the 
interiayer surface using an "Inkjet" printer. 
DETAILED DESCRIPTION OF THE INVENTION 

In one embodiment, this Invention Is a method for printing a decorative 
10 image on a rigid Interlayer by printing with either an aqueous or solvent based ink 
by using Inkjet printing technology and laminating the image carrying layer 
between two lites of glass or other material. 

In a preferred embodiment, the image is printed onto the interiayer using 
an Inkjet printer equipped with a piezoelectric drop on demand printhead such as 
1 5 Spectra or Xaar and the Inkjet printer Is chosen so that the rigid interiayer is held 
on a bed type support. The interiayer is an ionomer of an ethylene/methacrylic 
acid copolymer where the surface roughness (Rz) of the sheet is between 5 and 
15 fUT) and the interiayer thickness is between 0.38-2.29 mm. 

Interiayers based upon ionomeric ethyiene/methyacrylic acid copolymers 
20 are extremely rigid and stiff. This extremely high stiffness allov\^ for a much 

smoother surface pattern (Rz for PVB is 30-60 pjm; Rz for stiff Interiayers is from 
5 to 15 [im) to be used to obtain acceptable deairing since for the stiff interiayer 
the surface pattem does not break down as rapidly during the deairing step in the 
lamination process. The smooth surface pattem for the ionomeric Interlayer 
25 yields printed images with higher resolution and less mottle than images printed 
directly on PVB. 

In another embodiment, this invention is a laminate containing a 
decorative image, which is printed on an interiayer of Ionomeric 
ethyiene/methyacrylic acid copolymers. The laminate has good adhesion 
30 between the image carrying layer and the lites of glass or other material and can 
be used In any application where standard laminated glass is needed as well as 
in applications where the laminate will be held in a 1, 2, or 3 sided support 
(balustrade, partition wall, overhead bolted glass, etc.). 

In still another embodiment, the ink formulation contains a binder resin to 
35 improve adhesion between the ink and either the second unprinted layer or the 
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glass lite. The binder resin can be selected from a list including, but not limited 
to, polyvinyl pyrrofidone, potysdnyl pyrrolidone/>^nyl acetate, and poiyurethane. 

in yet anotlier embodiment, thi$ invention comprises a second interiayer 
sheet placed between the primary image carrying layer and the lite of glass. This 
5 second layer may be a clear, unprinted layer, or carry a printed image or be any 
solid, translucent color (e.g., white). The second layer can be any material that 
gives the desirable adhesion to glass, such as poiyurethane, polyester, or 
polyvinylbutyral, for example. 
EXAItflPLES 

10 The following examples are presented to illustrate the invention. The 

examples are not intended to limit the scope of the invention in any manner. 
Test Methods 

Surface Roughness, Rz, is determined from the 10 point average 
roughness as described in iSO-R468 and is expressed in microns. Surface 

15 roughness is measured using a IWIahr Federal (Providence, RI) surfanalyzer. 

Laminate adhesion is determined by a modified pummel adhesion test. In 
the standard pummel adheston test, the laminate is conditioned to -18''C for a 
minimum of 3 hours, in the modified pummel adhesion test, the laminate is held 
at 22^C for 3 hours. After conditioning, the laminate is held at a 45"* angle on a 

20 metal plate and struck with a 227 g (0.5 lb) hammer until the glass was broken. 
The samples are then graded by comparing the amount of glass retained on the 
laminate to a set of standards (from Sdutia, St Louis, MO). The grading scale 
ranges from 0 (0% of glass retained on the laminate) to 10 (100% of glass 
retained on the laminate). 

25 Adhesion between tiie interiayer film with the decorative image printed on 

the surface and another clear layer of interiayer film was determined by 
measuring tiie force required to separate the two layers using an Instron in 
compression mode. For this experiment, a laminate is made with tiie following 
construction: glass/coated Mylar®/clear interiayer/printed interiayer/coated 

30 Mylar®/glass. Prior to autoclaving, along one edge in between the two interiayer 
sheets, 2 small pieces of uncoated Mylar® (7 mil \h\ck each) are placed so they 
extend 6 mm into the laminate and extend 3 mm out of the laminate. After 
autoclaving, the glass and outer Mylar® layers are removed to leave the 2 
interiayer sheets adhered with the 2 small pieces of Mylar® along one edge 

35 (which creates a small gap in between the 2 layers). The interiayer sheets are 
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then clamped Into a frame and a wedge is inserted into an Instron. Using the 
Instron in compiession mode, the wedge is lowered into the gap created by the 
Mylar®. The force is measured to force the 2 intertayer sheets apart 
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CLAIMS 

What is daimed is: 

1 . A system for 'Ink Jet" printing on rigid ionomeric 
ethylene/methyacryfic acid copolymers interlayers in such a way that when 

5 laminated between 2 iites, the laminate maintains its strength and post glass 
breakage requirements. 

2. A decorative glass laminate comprising at least two sheets of 
glass ha>^ng disposed therebetween an interiayer comprising an ionomer of 
ethylene/methyacrylic acid copolymer, wherein the ionomer interiayer comprises 

10 a printed image on at least one of the Interiayer surfaces, and wherein at least 
one of the printed surfaces is adhered to one of the glass surfaces. 

3. A decorative glass laminate comprising at least two sheets of 
glass having disposed therebetween an interiayer comprising an ionomer of 
ethylene/methyacrylic acid copolymer, wherein the ionomer interiayer comprises 

15 a printed image on at least one of the interiayer surfaces, and wherein at least 
one of the printed surfaces is adhered to one of the glass surfaces, and wherein 
the image has been printed on the interiayer surface using an "ink Jef printer. 
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TITLE 

DECORATIVE LAMINATED SAFETY GLASS UTILIZING A RIGID 

INTERLAYER 

5 ABSTRACT OF THE DISCLOSURE 

The present invention is a decorative glass laminate comprisii^ at least 
two sheets of glass having disposed therebetween an interiayer comprising an 
ionomer of ethytene/methyaoyiic acid copoiymer, wherein the ionomer interiayer 
comprises a printed image on at least one of the interiayer surfaces, and a 
10 process for preparing same. 
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